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(£> Improvements of processes and plants for the production of urea. 



© To the conventional process for the production of jrea. comprising a stage for the reaction of NH3 and C02, 
a stage for stripping with C02 the urea solution containing carbamate and other products. . a stage for 
condensing the stripped vapours and two stages of vacuum distillation, is now added at least a further stage 
selected from the group consisting of: a mean pressure distillation stage with substantially recovery heat, more 
particularly with double effect, a pre-distillation stage and a second stripping stage. 
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IMPROVEMENTS OF PROCESSES AND PLANTS FOR THE PRODUCTION OF UREA 



= ac.<grcLinc cr tre invention 



1. -ieia cf the invention 



This invention relates to improvements to processes and plants for the production of urea, wnereoy 
ammonia and carbon aioxide are converted and tne urea solution leaving the reactor is stripped witn feed 
io C02. 



2. Description of Prior Art 

;s Processes and plants of this type are widely used and have been remarkably successful, one reason 

being that besides having a single stripping stage with C02, they aJsc have: 

- a relatively tow synthesis pressure (for example, about 140 bar); 

- a high degree of depuration of the urea solution directly in the stripper which generally operates at the 
same synthesis pressure; 

20 - a limited number of downstream stages for finishing the solution {for example stage at 3.5-4 bar. ftasn at 
1 bar. vacuum and prilling sections). 

Even with these undeniable advantages, the systems in question are not without drawbacks, particularly in 
respect of the consumption of process vapour which is certainly not low (for example 900 kg/t). and which, 
owing to the increase in the cost of energy due for example to the oil crisis, has become so significant as to 
-25 constitute a handicap where continuing operation of existing plants is concerned. Numerous (and some- 
times brilliant) attempts have been made to improve process efficiency but in almost all cases no concrete 
results have been achieved to date in the sense that more particularly energy consumption has not been 
reduced by any appreciable amount. 

Moreover, owing to the low NH3/C02 ratio in the reactor, conversion yields in the outlet reactor are iow, 
co thus making further developments more difficult. 

The purpose of this invention is to improve the above systems for the production of urea, so as to 
achieve a drastic reduction in vapour consumption and more particularly to permit a simple and easy 
modernization of existing plants. 

This and other aims are now surprisingly achieved by the addition of at least one stage selected from 
:?s the group comprising: a mean pressure distillation stage using substantially recovery heat, preferably with 
double effect, and a pre-distillation stage upstream of the existing stnpper. 

The characteristics of the various embodiments are described in the claims, while the various aspects 
and advantages of the invention will be better illustrated by the description of the figures and by the 
attached tables . 

~o 

PRIOR ART: STRIPPING PROCESS WITH THE AID OF C02 

Figure 1 shows the simplified scheme of the conventional process. R indicates the reactor fed with NH3 
-;s from line 1, through the ejector, condenser 01 and line 10, and with C02 from line 2. through stripper ST. 
condenser C1 and line 9. 

The urea solution leaving reactor R flows by gravity (line 3) into stripper ST where the majority of 
carbamate and of free NH3 are stripped by the feed 002 (line 2) and recycled to the reactor (line 4), after 
partial condensation in the film carbamate condenser CI, producing vapour at, for example, 4.5 bar abs. 
so From condenser C1, the recycle carbamate solution (8) plus a portion (30) of solution taken from the 

bottom of the reactor itself are sent to reactor R through ejector E. 

The driving agent is the feed NH3 (1). The residual vapours leaving from the top 7 of reactor R are sent 
to the scrubber HP (V.C.S.), where they are scrubbed with the return carbamate solution (20) and 
subsequently pass into a recovery section known per se and not described. 

The solution leaving stripper ST is expanded directly in stage L.P.. operating, for example, at about 3.5 
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bar. wnere it is distilled tn D1 with /aoour at. for example, 4.5 bar. Suoseauentiy . it fs expanded into :he 
flash tank SB at 1 bar and frcm here goes into the vacuum distillers D2 ana 03. Each distiller Di. D2. D3 is 
coupled to a separator ST. S2. respectively S3. The urea solution leaving S3 is sent to a crystallization 
section (known per sei, while the vapours are condensed m a vacuum section VS to which also flow the 
5 vapours from tank SB. 

Conventionally, the formation water is removed from 21 while the solution containing NH3 and C02 is 
recycled to stage LF through 19. 

For both stripper ST and the second vacuum distiller D3 the vapour used is at 20 bar. whereas 
recovery vapour at 4.5 bar is used for the other apparatus. 
ic The NH3 recovery section and the vacuum section are of the conventional type and they are not 
described here. 

The typical operating conditions of the process are: 

- Moi. ratio NH3/C02 in the reactor : 2.8 

- Moi. ratio H20yC02 in the reactor : 0.4 
7 5 - Reactor yield : 57% 

- Temperature at reactor outlet : 183-*- 185* C 

- Reactor pressure : 141 bar 

- Steam consumption at 20 bar : 1 00O kg/t 

- Export recovery steam at 4.5 bar : 350 kg/t. 

20 The data relating to the conventional process are shown in Table 1 . 

SUMMARY OF THE INVENTION 

25 

Modernization of the conventional process 

It has been found that a first improvement in energy terms in process efficiency can be obtained by 
30 adding a mean pressure (- 20 bar) stage in which the distillation heat is provided by the recovery 
heat/steam, while the vapours obtained are condensed in the first vacuum distiller, thus supplying an 
important part of the heat necessary for distillation. 

Distillation heat can be obtained either by directly condensing the carbamate or with steam at 6 bar at 
least. 

35 In the first type of embodiment (condensation of vapours to form carbamate, Fig. 2) a distiller- 

condenser DC is introduced, preferably of the type depicted in Fig. 3. 

As Figure 2 shows, DC receives a part of the vapours from stripper ST (tine 31) and the carbamate 
solution CA from the bottom of 02 through line 32. The condensate from DC goes to carbamate condenser 
C1 through line 34, while the urea solution from the bottom of ST is sent to be distilled through 35 in DC, 

40 followed by separator S4, whose vapours in 36 are sent to condense in D2 according to the double effect 
technique, known per se. In effect, the vapours from 36 (DC) are condensed in the presence of a weak 
carbamate solution 37 in D2 and the heat thus released is used to distill the urea solution flowing in a 
vacuum inside the D2 tubes. 

As Figure 3 shows, it is a condenser-distiller DC in which condensation of the vapours from 31 takes 

45 place on the shell side M and the resulting heat is used to distill the urea solution flowing inside the tubes 
Tn. 

Still in Figure 3, it can be seen that the vapours from 31 are scrubbed in an annulus of liquid A and are 
absorbed by the carbamate solutions 32 being heated. 

Through a thermosiphon effect the return circulation (arrows F) of the solution takes place in the central 
so zone ZC of DC, separated from the bubbling zone A by a cylinder CI open at both ends. 

In this central zone ZC, the carbamate solution is cooled in counter-current transferring the heat to the 
urea solution U in the distillation phase flowing through tubes Tn. In a second form of embodiment (Fig. 4), 
recovery steam is produced at 6 bar abs at least, as against 4.5 bar abs in existing plants, it has been 
found that it is possible to produce this steam in a quantity and quality sufficient for mean pressure 
55 distillation, by introducing a pre-condenser PRC (for example of the flowing hair or mane type) to which is 
sent at least 80% (from line 25) of the weak recycle carbamate solution, hence of the recycle water (line 
24). With the high concentration of water in the carbamate solution so obtained, it is possible, at the same 
pressure, to raise the condensation heat to at least 170*C. thus producing the desired steam at 6 bar at 
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-■'9'j r e - tec tie ;£C-ur^ nsti.ier -ocrcense r "2 s :re sarre as *rat r ~ 2 c -e*eraDiy =n 

:ct:m'2ec /ersjcn this "as zeen ; cunc. cermminc the ^a^irr.izaticn cf *ne ~ eai ::ars:er ; g. 5 . 

't new ccnsists of three sections: 3v 32 ana 23. Saic r ; gure 5 snows :ne /vncie :■: :re accaratus wricn 
£ : crms the vacuum distillation section tist stage at 0.35 oar acs). 

~he jooer car B1 ocerates with recovery steam VAR cfrcm the carcamate ^nnaenser CM. wncse 
condensate 7C s cischargec from ;he ooncrn of the acove-mentionea zone Bi. anc a final concentration of 
96°o of urea m :ne distilled solution SU * V can nus oe achieved. 

""he ether part consists of two elements m series 82 and 33, m which the solution of carbamate (weak 
•o carbamate* 37 flows from too to cottom and is ccoiea in two distinct stages 62 and 33: .n this way the final 
solution of carcamate 32 has the lowest possible temperature, hencs minimum pressure. 
The element 83 has besides an outlet for inert gas Gl in its upper part. 

The carbamate solution 37 as well as the resiauai vapour containing inert gas VR. are introduced, on 
the other hand, into ducts respectively 100 and 101 in the aistiiler-condenser in Figure 5. 
-5 Thanks tc this pressure value ( = 20 bar) the urea solution U can be distilled at mean pressure (20 oar) 

with recovery steam VAR at 6 bar in distiller MP. 

The heat recoverable in the double effect system is not sufficient to distiilate the solution up to 96% of 
urea. Consequently the distiller D2 is divided into two parts: an upper part B1 wmch uses recovery steam, 
and a lower part which in turn is subdivided into two zones B2 and B3, using the vapot-rs containing inert 
20 gas VMP from the mean pressure distiller MP line 12 in Figure 4. 

Ocerating conditions which can be achieved with tne scheme described can be so summed up: 

- Molar ratio NH3/C02 in the reactor : 2.8 

- Molar ratio H20/C02 in the reactor : 0.5 

- Reactor yield : 57% 

25 - Temperature at reactor outlet : 185* C 

- Steam consumption at 20 bar : 800 kg/t 

- Export recovery steam : 200 kg/t 

In comparison to the reference case, a saving is achieved of 200 kg/t of steam at 20 bar, while mere is 
a smaller recovery of 150 kg/t of steam at 4.5 bar. 
30 With the addition of a mean pressure doubie-effect stage conditions can therefore be improved, even if 
not drastically. 

In effect the greatest obstacle to a significant improvement of the process lies in the low conversion 
yield of the reactor R, as a consequence of the low NH3/C02 ratio in the reactor itself. 

If the ratio is increased, this worsens operating conditions in the stripper ST, and therefore in the whole 
35 plant 

It has now been found that by adding a pre-distiller PRD upstream of the existing stripper ST the 
following results can be achieved: 

- the possibility of feeding the stripper with a solution with a high NH3 C02 ratio (> 2.5 weight), strippable 
with C02: 

40 - the possibility, therefore, of operating with higher NH3-C02 ratios in the reactor, thus increasing 
conversion yields; 

- a substantial reduction in the stripper's heat load with C02, with ample possibilities to overload. 

Figure 6 shows the process scheme modified by the addition of a pre-distiiler. As a preliminary step, an 
up-flow pre-distiller has been envisaged, so as avoid modification of the driving force of circulation of the 
-5 solution. 

The vapours 5 leaving the pre-distilier PRD are joined to those coming from the stripper ST, while the 
solution of partially distilled urea flows into the existing stripper for the final stripping with C02. 
Operating conditions figures have been calculated as follows: 

- Molar ratio NH3/C02 in the reactor : 3.4 
so - Molar ratio H20/C02 in the reactor : 0.5 

- Reactor yield : 64% 

- Temperature at reactor outlet : 185* C 

- Reactor pressure : 141 bar 

- Steam consumption at 20 bar : 820 kg/t 
55 - Export steam at 4.5 bar : 1 20 kg/t 

The operating conditions obtained are therefore similar to those estimated for double effect. 
According to a particularly advantageous aspect of the invention, the improvements achieved thanks to 
the adoption of the doubie-effect system (Figures 2 to 5) and to the addition of a pre-distiller (Figure 6) can 
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be comDined. m the sense tnat their simultaneous application results substantially in the accumulation cf the 
effects. 

Figures 7 ana 8 show the stripping process wiih C02 with the addition of a pre-distiiler PRO and of the 
double-effect system, the latter in the two variations already described, i.e. m Figure 7 with the distiller- 
5 condenser DC rrom Figure 2. and in Figure S with the ore-condenser PRC from Figure 4. 
The remarkable operating conditions which can be achieved are: 

- Molar ratio NH3/C02 in the reactor : 3.4 

- Molar ratio H20/C02 in the reactor : 0.4 

- Reactor yield : 64% 

to - Temperature at reactor outlet : 185 C 
• Reactor pressure : 141 bar 

- Steam consumption at 20 bar ; 650 kg/t 

- Export recovery steam at 4.5 bar : 100 kg/t. 

By way of illustration but not of limitation the following balances or examples in Tables I. II and III are 
75 set out here. 

EXAMPLE 1 (Table I) - Conventional process (Figure 1) 
EXAMPLE 2 (Table II) - Double-effect process (Figures 2 and 4) 
EXAMPLE 3 (Table 111) - Process with pre-distiiler (Figure 6) 
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Claims 

1 . Process for the production of urea comprising at least: a stage wherein ammonia and carbon aioxide 
are reacted in a reactor at a pressure of between 120 and 220 bar and temperature of between 1 70 C and 

5 200' C, a stripping stage wherein the urea solution leaving the reactor and containing carbamate and water 
and other products, reacted or unreacted, undergoes a process to strip it of carbamate and NH3 by means 
of the carbon dioxide feeding the reactor; a stage wherein the stripped vapours are condensed anc two 
vacuum distiiiation stages, characterized by the fact that it comprises at least one additional stage selected 
from the group consisting of: a mean pressure distillation stage using in substance recovery heat, by 

ro preference of the double-effect type, a pre-distillation stage and a second stripping stage. 

2. Process according to claim 1. characterized by the fact that the distillation heat is produced by direct 
condensation of the vapours forming carbamate in a condenser-distiiler wherein vapour condensation takes 
place on the shell side, and the heat produced is used to distill the urea solution flowing inside the tubes. 

3. Process according to claim 2, characterized by the fact that the vapours bubble in an annuJus of 
75 liquid and are absorbed by the carbamate solution which is thereby heated, and by thermosiphon effect the 

solution flows by return circulation into a central zone where the carbamate solution is cooled in counter- 
current transferring heat to the solution. 

4. Process according to claim 1. characterized by the fact that recovery vapour is produced at 6 bar 
abs at least in a quantity and of a quality sufficient for distiiiation. 

20 5. Process according to claim 4, characterized by the fact that a pre-condenser is used, into which is 
directed at least 80% of the carbamate solution t so that the condensation heat can be raised to at least 
170* C thus making it possible to produce vapour at 6 bar abs at least 

6. Process according to claims 2 and 5, characterized by the fact that a distiller-condenser in three 
superimposed sections is used, in which the urea solution is concentrated on the tube side up to 92^97% 

25 weight at the upper section outlet, whereas on the shell side the heat is provided in the upper section by 
condensing the recovery vapour, and in the intermediate and lower sections by condensing vapours to form 
carbamate in two distinct sections in counter-current to the urea solution so that the condensation of the 
above vapours is effected at the minimum possible temperature and pressure. 

7. Process according to claim i, characterized by the fact that a pre-distiiler is used. 

jo 3. Process according to claim 1, characterized by the combination of a pre-distiller and of a doubie- 

effect distiller-condenser. 
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Fig. 3 
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® Improvements of processes and plants for the production of 

© To the conventional process for the production 
of urea, comprising a stage for the reaction of NH3 
and C02, a stage for stripping with C02 the urea 
solution containing carbamate and other products, a 
stage for condensing the stripped vapours and two 
stages of vacuum distillation, is now added at least a 
further stage selected from the group consisting of: a 
mean pressure distillation stage with substantially 
recovery heat, more particularly with double effect, a 
pre- distillation stage and a second stripping stage. 
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